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1. 从近海人工基底表面分离纯化得到的 51 株细菌，并进行成膜能力检测，
筛选获得 11 株成膜能力较强的细菌，其中 1 株细菌 OD600 值<1，有 6 株 OD600
值在 1 和 2 之间，有 4 株 OD600 值>2。16S rRNA 鉴定结果显示，属于雷辛格氏
菌属（Leisingera）的细菌有 1 株、玫瑰杆菌属（Rhodobacteraceae）1 株、假交
替单胞菌属（Pseudoalteromonas）2 株、交替单胞菌属（Alteromonas）1 株、黏
着杆菌属（ Tenacibaculum） 2 株、弧菌属（ Vibrio） 1 株、金黄杆菌属
（Chryseobacterium）1 株、海水杆菌属（Aquimarina）1 株、不动杆菌属
（Acinetobacter）1 株。从 11 株具有较强成膜能力的细菌中筛选获得 1 株粘附能
力较强的菌株（W-7），属于假交替单胞菌属，菌液浓度为 107 mL-1 时，3 h 内粘
附到盖玻片的密度为 2.45×106 cm-2。 
2. 研究了不同温度、盐度、pH、Cu2+浓度对 11 株细菌成膜能力的影响，发
现这 4 种因子均能影响细菌成膜，但是对不同细菌影响效果有所差异。温度较低
时，温度升高对 8 株细菌成膜具有促进作用，温度较高时，仅 4 株细菌成膜受到
抑制；盐度的升高对 4 株细菌成膜具有抑制作用，所有细菌均能在盐度 30 以内

















果不明显，Cu2+浓度在 1.5 mM 时，半数以上细菌无法正常生长。不同细菌形成
生物膜过程对环境的响应不同，揭示了细菌对环境响应的复杂性。 
3. 对 W-7 浮游态和粘附态差异蛋白分析结果显示，共有 163 个蛋白发生差

























Marine biofouling has caused huge economic losses, and biofilm plays an 
important role in biofouling. Marine bacteria are affected by the environment during 
the formation of biofilm processes. Bacterial biofilm begins with the adhesion of 
bacteria, after the bacteria adhesion to the surface of the object can secrete extracellular 
polymer to enhance their adhesion, so that the bacteria firmly adhere to the substrate. 
At present, the research on biofilm is mainly focused on medicine, and there are few 
studies on the adhesion of marine bacteria and the formation of marine bacterial biofilm. 
In this paper, we isolated and tested the biofilm-forming capacity of marine bacteria, 
and the bacteria with strong capacity of forming biofilm were screened to analyze the 
effect of different factors on the capacity of biofilm formation. From biofilm-forming 
bacteria, we screened out a strain with the strongest adhesion capacity, and analyze the 
differentially expressed proteins between planktonic and initial adhesion bacteria, to 
explore the initial adhesion mechanism of the bacteria. Research results may help to 
analysis the bacteria on the response of the different factors in the environment, and 
interpret the molecular mechanism of marine bacteria adhesion to abiotic surface, and 
help to find new targets of antifouling agents, provide new ideas for the development 
of antifouling agent.  
The main results were shown as followed. 
1. 51 strains of bacteria were isolated and purified from the surface of offshore 
artificial substrate, and 11 strains of bacteria with strong biofilm-forming capacity were 
screened. Among them, one OD600 was <1, and six OD600 values were between 1 and 
2, there were four OD600 values> 2.16S rRNA identification results showed that 1 
strain belonging to the genus Leisingera, Rhodobacteraceae with 1 strain, 2 strains 
belonging to Pseudoalteromonas, Alteromonas with 1 strain, Tenacibaculum with 2 
strain, Vibrio with 1 strain, Chryseobacterium with 1 strain, Aquimarina, 1 strain, 
Acinetobacter with 1 strain. A strain (W-7) with strong adhesion capacity was obtained 
















when adhesion to coverslips in 3 h with bacteria concentration of 107 mL-1. 
2. The effects of different temperature, salinity, pH and Cu2+ concentration on 
the biofilm-forming capacity of 11 bacteria were studied. It was found that these four 
factors could affect the formation of biofilm, but the effect on different bacteria was 
different. When the temperature was low, the temperature increased to promote the 
biofilm formation of 8 strains of bacteria, when the temperature was higher, only four 
strains of bacteria were inhibited; salinity increased have inhibitory effect on the 
biofilm formation of four strains, and all bacteria can achieve the strongest biofilm-
forming capacity within 30 degrees of salinity. The impact of pH at 6.5 ~ 8.5 is 
relatively small, at pH 7.5 ~ 8.0 biofilm-forming capacity can reach the strongest. When 
Cu2+ concentration is low, the majority of bacterial biofilm-forming capacity is 
promoted or has no effect, When Cu2+ concentration is 1.5 mM, more than half of the 
bacteria can not grow normally. The response of different bacteria biofilm-forming 
process to the environment is different, revealing the complexity of the bacterial 
response to the environment. 
3. The results of W-7 differential protein analysis showed that 163 proteins were 
differentially expressed, among which 43 were up-regulated and 120 were down-
regulated. GO functional analysis showed that the differentially expressed proteins 
were mainly distributed in the cellular processes, metabolic processes, single-organism 
processes, established of localization and localization under biological processes, UTP-
glucose-1-phosphate uridylyltransferase, acetyltransferase component of pyruvate 
dehydrogenase complex, outer membrane protein and so on may play an important role 
in the adhesion of bacteria. 
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图 1.1 细菌生物膜的发展过程模式图[5] 


































变为粘附状态的检查点。如 YcgR 蛋白和 EpsE 蛋白分别在 Escherichia coli 和
Bacillus subtilis 中起到阻碍鞭毛运动的作用[9-10]。细菌从可逆到不可逆粘附状态


















图 1.2 革兰氏阴性细菌接近物体表面的示意图[7] 
Figure 1.2 Schematical depiction of a Gram-negative bacterium approaching 




加固自身的粘附，并进行分裂增殖。EPS 包括紧密结合于菌体的 EPS 比如荚膜
聚合物（capsular polymer）、疏松结合于菌体的 EPS 比如粘液以及可溶的 EPS，






总的结合力超过了 C-C 共价键[14]。 
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